Introduction
Colorectal cancer (CRC) is one of the most aggressive malignancies among gastrointestinal tract cancers worldwide. 1, 2 Surgery is the mainstay treatment method for patients with early stage CRCs, and chemotherapy is recommended for patients with stage III and high-risk stage II CRCs. 3, 4 Despite the dramatic development in surgical techniques and adjuvant therapies, the 5-year survival rate remains poor. 5, 6 Thus, it is necessary and important to search for sensitive biomarkers to evaluate the prognosis and responses to chemotherapy before starting treatments.
Over the past several decades, cancer-related systemic inflammation has been proved to be crucial in the progression and prognosis of several cancers. [7] [8] [9] Recently, several inflammation-based biomarkers, including the neutrophil-lymphocyte ratio (NLR), [10] [11] [12] platelet-lymphocyte ratio (PLR), 13, 14 and fibrinogen, [15] [16] [17] were reported as prognostic factors in several types of malignancies. The Glasgow Prognostic Score (GPS), defined as the combination of serum C-reactive protein (CRP) and albumin, has been demonstrated to have predictive value in various malignancies, including CRC. [18] [19] [20] [21] The systemic immune inflammation index (SII), which was calculated with peripheral lymphocyte, neutrophil, and platelet counts, was a powerful prognostic factor for hepatocellular carcinoma and CRC. 22, 23 Recent studies have emphasized that the F-NLR score, which was the combination of the fibrinogen and NLR, was associated with malignant behaviors and clinical outcomes of various carcinomas, such as non-small cell lung cancer, 24 esophageal cancer, 25 and gastric cancer. 26 However, to date, the prognostic value of F-NLR for CRC patients has not been investigated and whether F-NLR has effects on prognosis and chemotherapeutic efficacy needs to be investigated.
In the present study, we investigated the prognostic and predictive value of F-NLR in CRC patients who underwent curative resection.
Patients and methods Patients
We retrospectively recruited 693 CRC patients who underwent radical surgery at the Shandong Provincial Hospital Affiliated to Shandong University between March 2000 and July 2016. The inclusion criteria were as follows: 1) patients with pathologically diagnosed primary adenocarcinoma or mucinous adenocarcinoma; 2) patients who underwent complete resection without positive margins; 3) patients with stage I-III CRCs; and 4) patients with intact data of preoperative peripheral blood counts, follow-up information (more than 2 months), and medical record. The exclusion criteria were as follows: 1) patients with hematological disorders, active infectious diseases, or autoimmune diseases; 2) patients who received preoperative treatment (chemotherapy or radiotherapy); 3) patients who received anti-inflammatory or immunosuppressive treatment; 4) patients with more than one primary carcinoma; 5) patients with a history of venous thrombosis or blood transfusion within the past 3 months; and 6) patients who underwent emergency surgeries due to obstruction or enterobrosis.
Data collection
Clinical parameters were obtained from the medical records: gender, age, differentiation, histological type, T stage, N stage, TNM stage, morphology, primary tumor location, tumor size, venous invasion, perineural invasion, tumor deposits, and chemotherapy treatment. Patients were divided into three groups according to the primary tumor location: right colon cancer (RCC, cecum to transverse), left colon cancer (LCC, splenic flexure to rectosigmoid), and rectal cancer (RECC, rectum). The TNM stage was assessed with the seventh edition of the American Joint Committee on Cancer staging manual. 27 
F-NLR evaluation
The results of preoperative laboratory examinations including the levels of fibrinogen, lymphocytes, and neutrophils were extracted to evaluate the F-NLR score. The NLR was defined as the neutrophil count divided by the lymphocyte count. Using cancer-specific death as the endpoint, the receiver operating characteristic (ROC) analysis was performed to obtain the optimal cutoff value with the highest Youden index. The cutoff values were 2.34 for NLR and 2.97 g/L for fibrinogen (sensitivity and specificity: 54.7% and 62.7% for NLR, 82.3% and 40% for fibrinogen, respectively; Figure 1 ). The areas under the concentration-time curve (AUC) were 0.597 and 0.639, respectively. The F-NLR score was calculated as follows: patients with an elevated fibrinogen (>2.97 g/L) and an increased NLR (>2.34) were assigned a score of 2, those with only one of the two abnormalities were classified as a score of 1, and those with neither of the two abnormalities were assigned a score of 0. 
Notes:
The cutoff values were 2.34 for NLR and 2.97 g/L for fibrinogen (sensitivity and specificity: 54.7% and 62.7% for NLR, 82.3% and 40% for fibrinogen, respectively). Abbreviations: NLR, neutrophil-lymphocyte ratio; F-NLR, combined fibrinogen and nlR; ROC, receiver operating characteristic. 
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Follow-up
The overall survival (OS) and disease-free survival (DFS) were chosen as primary endpoints. The OS was defined as the interval between the date of surgery and death. The DFS was defined as the time between the date of surgery and the time of first recurrence or metastasis or the end of life. The median duration of follow-up was 21.69 months (range: 2-202 months).
Statistical analyses
All data were analyzed with SPSS software version 22.0 (IBM Corporation, Armonk, NY, USA). The AUC was obtained with the ROC analysis. The optimal cutoff values for NLR and fibrinogen were calculated with the Youden index. The chi-squared test or the Fisher's exact test was performed to compare the relationship among F-NLR and other variables. The Kaplan-Meier method, the log-rank test, univariate and multivariate analyses, and subgroup analyses were performed to compare the survival outcomes. Variables with a P-value of <0.1 in the univariate analysis were included in the multivariate Cox proportional hazards regression model. A two-sided P<0.05 was considered statistically significant.
ethics statement
The present study was approved by the medical ethics committee of Shandong Provincial Hospital Affiliated to Shandong University. Written informed consent was obtained from all patients involved.
Results

Baseline characteristics of CRC patients
A total of 693 CRC patients (64.2% male and 35.8% female) were enrolled in this study; 58.6% of the patients were younger than 60 years; 41.1% had small tumors <4 cm in size; and 79.9% received adjuvant chemotherapy. Patients with TNM stages I, II, and III accounted for 9.2%, 39.8%, and 50.9%, respectively. Of all the patients, 108 (15.6%) tumors were located in the right colon, 156 (22.5%) tumors in the left colon, and the remaining 429 (61.9%) tumors were located in the rectum. Patients with the histological type of adenocarcinoma and mucinous adenocarcinoma accounted for 84.3% and 15.7%, respectively.
Patients were categorized into three groups based on the F-NLR score, of whom 181 (26.1%) patients had an F-NLR score of 0, 295 (42.6%) patients had an F-NLR score of 1, and 217 (31.3%) patients had an F-NLR score of 2. Significant differences were observed among the F-NLR 0, 1, and 2 groups in terms of age (P=0. (Table 3) .
F-nlR as a prognostic factor in patients with different histological types
The Kaplan-Meier survival curves revealed that the 5-year OS rates in the F-NLR 0, 1, and 2 groups differed significantly and were 78.4%, 52%, and 42.6%, respectively (P<0.001; Figure 2A ), and the 5-year DFS rates were 54.9%, 43.9%, and 26.7%, respectively (P<0.001; Figure 2B ).
Further subgroup analyses were performed to investigate the prognostic value of F-NLR in CRC patients with different histological types. The results showed that F-NLR was a prognostic factor for OS (P=0.001; Figure 3A ) and DFS (P<0.001; Figure 3B 
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Predictive value of the F-NLR score in resectable colorectal adenocarcinoma adenocarcinoma, whereas no differences in OS (P=0.455; Figure 4A ) and DFS (P=0.963; Figure 4B ) were observed for patients with mucinous adenocarcinoma. Univariate and multivariate analyses showed that the F-NLR score was an independent prognostic factor for both the OS (P=0.035) and DFS (P=0.001). In addition, a higher F-NLR score was significantly associated with worse prognosis (Tables 2 and 3 ).
F-nlR as a predictive factor for the responses to chemotherapy in CRC patients
We further divided the patients into a chemotherapy group and a nonchemotherapy group based on the treatment of chemotherapy. The Kaplan-Meier survival curves revealed that the DFS of the F-NLR 0 and 1 groups could be shortened significantly after the administration of chemotherapy ( Figure 5B ; P<0.001), whereas the F-NLR 2 group patients did not show an DFS harm from the administration of chemotherapy ( Figure 5D ). The Kaplan-Meier survival curves showed that chemotherapy had no effects on the OS in the F-NLR 0 and 1 groups ( Figure 5A) ; however, patients with chemotherapy may show slightly better survival in the F-NLR 2 group, although the P-value is above 0.05 ( Figure 5C ).
Discussion
Cancer-related inflammation encompassed not only the tumor-derived but also the host-derived inflammatory cytokines, chemokines, proinflammatory mediators, and immune cells, which were correlated with the initiation, progression, and development of malignancies. [28] [29] [30] [31] Several inflammatorybased markers have been recognized to be associated with poor clinical outcomes and have the ability to predict the prognosis in various malignancies, including CRC. 
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Predictive value of the F-NLR score in resectable colorectal adenocarcinoma example, NLR, 32 PLR, 33 GPS, 34 and lymphocyte-monocyte ratio (LMR) 35, 36 were risk factors for poor clinical outcomes in patients with CRC.
Neutrophils were demonstrated to promote tumor growth, invasion, and metastasis via the intrinsic pathway through secreting inflammatory mediators and the extrinsic pathway through altering the tumor microenvironment. 37, 38 Lymphocytes suppress the tumor proliferation and metastasis by inducing the cytotoxic cell death and producing inhibitive cytokines. 39, 40 Thus, lymphopenia may result in an insufficient immunological response to malignancies, thus facilitating tumor progression and leading to poor prognosis. 41, 42 Recent studies have emphasized that the elevated plasma fibrinogen plays an important role in malignant behaviors of various 
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Li et al tumors 43, 44 through impeding the elimination of cancer cells mediated by cytotoxic cells or natural killer cells. 45 Therefore, the F-NLR score, as an integrated index based on the plasma fibrinogen, peripheral neutrophil, and lymphocyte counts, reflects the alterations in the cancer microenvironment and the preoperative inflammatory responses of hosts to tumors. We hypothesized that F-NLR could favor cancer initiation, progression, and metastasis.
The F-NLR score has been demonstrated to be a predictive marker for the prognosis in patients with advanced esophageal cancer, 25 gastric cancer, 26 and resectable nonsmall-cell lung cancer. 24 However, there have been no researches regarding the prognostic and predictive value of F-NLR in patients with resectable CRC. Thus, in the present study, we for the first time evaluated the prognostic value of F-NLR in patients with resectable CRC. 
6293
In the present study, interesting associations between the F-NLR score and clinicopathological characteristics were observed. F-NLR was associated with more advanced T stage, larger tumor size, more perineural invasion, and more mucinous adenocarcinoma, supporting the abovementioned hypothesis that the elevated F-NLR might favor tumor proliferation, invasion, and metastasis. Univariate and multivariate analyses revealed that both the F-NLR score and the N stage were independent risk factors in resectable CRC patients. In addition, subgroup analyses based on the histological type revealed that the elevated F-NLR score was correlated with poor OS and DFS in patients with colorectal adenocarcinoma. Furthermore, patients with the F-NLR score of 0 and 1 were harmed by chemotherapy, whereas patients with the elevated F-NLR score lost the DFS harm and might have slightly better OS from the administration of chemotherapy. As we all know, chemotherapy was a double-edged sword and not all patients with malignancies could benefit from chemotherapy. As chemotherapy did harm not only cancer cells but also normal cells and immune cells, patients with lower stage of F-NLR may be harmed by chemotherapy.
To date, the TNM staging system is the gold standard for predicting the prognosis and the treatment selection for various types of cancers. However, as the TNM staging only reflects the pathological behaviors of resected tumors after surgery, preoperative survival prediction and decision making for further treatment seemed difficult. Our findings demonstrated that the preoperative F-NLR was a novel clinical biomarker for resectable CRC patients and had a powerful prognostic value. Thus, as a simple, convenient, cheap, easily acquired parameter in clinical practice, F-NLR may serve as a complementary to the TNM staging system to identify high-risk patients among patients with the same TNM stage.
To the best of our knowledge, this was the first report investigating the prognostic value of F-NLR in patients with resectable CRC. However, there were a few limitations associated with the present study. First of all, as a retrospective study, selection bias may not be avoided and there may have some mistakes in the data collection. Second, as a single-institution study, the number of patients enrolled was relatively small and the follow-up duration was not that long. Third, only stage I-III CRC patients who received curative resection were enrolled, and thus the results are not applicable for patients with advanced unresectable CRCs. Thus, a larger-scale, prospective, multicenter investigation is required to further validate the findings of the present study.
Conclusion
This is the first study to demonstrate the prognostic value of the preoperative F-NLR score in patients with resectable CRC. Patients with an elevated preoperative F-NLR had higher risks of mortality, recurrence, or metastasis for adenocarcinomas, suggesting doctors to perform more careful surgeries and conduct more rigorous follow-up for these patients.
